Macedonethes stankoi n. sp., is described from the source of Babuna River in Macedonia. It is a truly aquatic species with special morphological adaptations that help it live successfully in running water. The four anterior pereopods are especially modified, enabling the animal to attach tightly to the substrate. The species is unique within the order Isopoda because of the presence of specific structures on the sternum of pereonite 5 in males and females, presumed to facilitate copulation in running-water conditions. The antennulae show different degrees of reduction. The species belongs to the poorly known genus Macedonethes, previously considered to contain only M. skopjensis Buturović, 1955 from Macedonia. Spelaeonethes castellonensis Cruz et Dalens, 1989 from a cave in eastern Spain is now also included in Macedonethes.
Introduction
The new species of oniscidean isopod was collected during speleological research in a cave in Macedonia which was undertaken by an international expedition sponsored by the speleological club "Peoni" from Skopje, Macedonia. The species has special morphological adaptations shown here for the first time for an oniscidean. The specimens were collected in the subterranean running water which is the source of the Babuna River on Jakupica Mt., south of Skopje, Macedonia (Solunska Glava massif, 1500 m asl). G. Polić (in litt.), who collected the specimens, described the location as follows: "… after 91 m the cave spreads into a siphon 20 m long and 4 m deep, then it spreads into a gallery with a subterranean river (T = 6 °C), where I found isopods". The specimens were collected from a dense aggregation on a submerged rock (see Fig. 9 ). Polić observed that they were also present on the other underwater rocks in the vicinity, but not in such high numbers.
The new species belongs to Macedonethes Buturović, 1955 , a genus that until now contained only the type species M. skopjensis, described after one male specimen. It was collected in 1932 by Stanko Karaman in a spring of the gorge of Treska River near Skopje (now submerged by the artificial Lake Matka).
Macedonethes Buturović, 1955
Alpioniscus (Macedonethes) Buturović, 1955 : 145 Macedonethes -Tabacaru (1993 Spelaeonethes -Cruz & Dalens (1989: 91-92) , partim Macedonethes - Tabacaru (1996: 36) Type species. Macedonethes skopjensis Buturović, 1955. Species composition. M. skopjensis; Macedonethes stankoi n. sp., described here; and M. castellonensis (Cruz et Dalens, 1989) comb. nov., transferred from Spelaeonethes. When Buturović (1955) established Macedonethes as a subgenus within the genus Alpioniscus Raco-vitza, 1908 , he emphasized characteristics differentiating it from other subgenera: right mandible with 2 penicils, inner margin of maxillipedal palp with 4 lobes, outer distal margin of exopod of pleopod 2 convex in males, articulations of endopod and exopod of uropods are at the same level. Tabacaru (1993) elevated Macedonethes to the genus level and included it in the tribus Speleonethini Schmölzer, 1965.
On the basis of Buturović's description of M. skopjensis, the description of S. castellonensis by Cruz & Dalens (1989) , and of characters of the new species described here, the following diagnosis for the genus is given:
Diagnosis. Troglobite blind animals. Maxilliped strongly dilated in its distolateral part, palp on medial edge with pronounced lobes bearing setae; exopod and endopod of uropod subequal, articulated on the same level; endopod of male pleopod 2 with abruptly narrowed tip, basal article 2.5-3 times as long as wide at its base, antennulae with two aesthetascs (if the third article is not totally reduced); male merus 7 with protrusion at its base ventrally.
Remarks. On the basis of the structure of antennulae, maxillipeds, uropods, male pereopods 7 and male pleopods 2, S. castellonensis is clearly distinguished from species in the genus Spelaeonethes. Tabacaru (1996) in his classification of genera of the tribus Speleonethini emphasizes that S. castellonensis takes a special place within the genus Spelaeonethes, particularly with respect to the structure of male merus 7 and the endopods of male pleopods 2. (In certain important aspects of its morphology, S. medius (Carl, 1908) is also distinguished from other species in the genus.)
Descriptions and illustrations of S. castellonensis and M. skopjensis show conspicuous close relation, especially regarding all characters presented in the diagnosis of the genus Macedonethes. Therefore, I consider that S. castellonensis belongs to the genus Macedonethes, and propose the new combination M. castellonensis (Cruz et Dalens, 1989) .
The fact that this close relation of M. castellonensis and M. skopjensis has been overlooked is probably due to their wide geographic separation and, in my opinion, the current disagreement regarding the number of articles in endopods of the male pleopods (a character that may undoubtedly have certain significance and implications). In the description of M. castellonensis it is stated that the endopod is biarticulate, whereas Buturović in the description of M. skopjensis recognizes that three articles constitute the endopod of pleopod 2. The triarticulate endopods of pleopods 2 have been pointed out by many authors as a character common to three genera of the tribus Speleonethini: Aegonethes, Alpioniscus (the genus in which Buturović included M. skopjensis) and Macedonethes. On the basis of material examined from a number of Alpioniscus species and from both species of the genus Aegonethes, I consider the part of pleopod 2 that was so far regarded as a basal article of endopod to instead constitute a more developed medial (or mediodistal) part of the protopod at the articulation of the endopod. In fact, this is an adequately developed part of the protopod which carries the strongly developed endopod, and in this way probably provides for their greater mobility and strength of movement. On this premise it seems that the same configuration is present in M. skopjensis, which is expected, comparing the illustrations of pleopod 2 in all three species of Macedonethes.
Such a composition of the genus Macedonethes poses various questions about the significance and validity of certain characters used in the taxonomy of Trichoniscidae. On the basis of the structure of the maxillipeds it could be concluded that M. skopjensis and M. stankoi are more closely related, despite many differences. Considering all other presented characters, however, the much closer relationship is that between M. skopjensis and M. castellonensis. In phyletic considerations I prefer characters of mouthpart structure, these being the most conservative. However, the latter cannot be said of the number of penicils on the mandibles, the meristic character emphasized by Tabacaru (1996) . The presence of 3+1 penicil on the left and 2+1 penicil on the right mandible is a plesiomorphic character state with a clear tendency towards reduction in Trichoniscidae (Tabacaru 1996) . The level of reduction is not always characteristic for a genus. In some cases it is species-specific, whereas sometimes the number of penicils varies even within one species (see Rhodopioniscus in Tabacaru 1993). Moreover, there is frequent convergence in the number of penicils among phyletically widely separate genera and species. Compared to the number of penicils, structural characters of the mandibles themselves are much more conservative. In my opinion these are much more significant, above all the structure of the pars molaris. Unfortunately, at this time I am able to compare only the illustrations of mandibles of M. castel-lonensis and M. skopjensis with the mandibles of M. stankoi. Observed from the same perspective as in the illustrations for the other two species, mandibles in M. stankoi do not show any significant deviations. This cannot be said for representatives of some other genera of the tribus Speleonethini (Alpioniscus, Aegonethes, Titanethes, Spelaeonethes, Protonethes and Cyphonethes) whose mandible structure I studied in a similar way.
Superficially, differences between the two most closely related Macedonethes species are on the generic level, if we use the same criteria for differentiating genera throughout the family (Tabacaru 1993) . However, if we analyze these differences, we can conclude that they really represent effects of adaptation of a new species to completely different physical conditions in the habitat. The whole range of autapomorphic characters is the result of strong selective pressure to which M. stankoi has been exposed in the process of adaptation to new environmental conditions. These primarily include subchelate pereopods 1-4, hypognathous cephalon, reduced antennulae, and the presence of 'clasping' structures and long plumose setae on the posterior margins of exopods of pleopods 2-5. I assume that the specific structure of pleopods 1-2 in males is also related to adaptation to running-water conditions. This includes above all the mediodistally remarkably dilated exopod of pleopod 1, and the terminally arched endopod of pleopod 2.
Developed epimera on pleonites 3-5 together with the arched body shape are considered as plesiomorphic characters. The rationale for this opinion will be presented in another paper.
Macedonethes stankoi n. sp.
Material. From a spring in the cave at the source of the Babuna River, slopes of Solunska glava peak, Jakupica Mt. (Macedonia), 1500 m asl (UTM-EM31), 18.08.2000, leg. G. Polić: 1 male holotype, 7 male and 4 female paratypes.
Holotype male (Inv. No 2783), 4 male and 2 female paratypes (Inv. No. 2784) are deposited in the Macedonian Museum of Natural History, Skopje, Macedonia; 2 male and 1 female paratypes in the author's collection at the Department of Biology and Ecology, University of Novi Sad (Serbia and Montenegro); 1 male and 1 female paratype in Museo Zoologico "La Specola" University of Florence (Italy).
Diagnosis.
A blind, large species (up to 15.7 mm long), with rather convex body. Defined mostly by characters interpreted as adaptations to life in rhithral habitats: cephalon hypognathous, antennular article 3 and aesthetascs reduced to varying degree (from slightly developed with two aesthetascs to almost totally reduced); pereopods 1-4 subchelate, i.e. with elongate carpus opposed to propodus and dactylus (enabling the animal to attach tightly to the substrate); sternum of pereonite 5 with unique 'clasping' structures; exopod of male pleopod 1 remarkably dilated mediodistally; endopod of male pleopod 2 with arched apical article; exopods of pleopods 2-5 with long plumose setae on posterior margins; epimera of pleonites 3-5 well developed. (Figs 2-7) . Body 12.7 mm long. Cephalon (as in Fig. 2b ) hypognathous, frontally almost flattened and elongated toward the labrum. Lateral lobes are short and narrow, better visible from lateral view.
Description of male holotype
Pereon tergites (as in Figs 1, 2a) are more convex than those of related species in the tribus Speleonethini.
Sternum of pereonite 5 (as in Fig. 8a-b ) with two transverse, lateral protuberances which are rolled posteriorly into two "clasps". Medial margins of these "clasps" are curved towards the body surface. Posterior to these structures the 5th sternum is depressed. The 'clasps' are strongly chitinized and probably serve to arrest the nipple-like structures of the female 5th pereonite sternum (Fig. 8c) during copulation. This probably happens in the way that the 'nipple' of the female sits in the male 'clasp' from its lateral to medial end. This fixation of the 'nipple' on the female 5th sternite enables precise transfer of spermatozoids to the genital opening of the female under running-water conditions. Pleon (as in Figs 1, 2a) convex; segments 3-5 with developed epimera.
Pleotelson (Fig. 2e ) with triangular distal part and rounded apex. Antennula ( Fig. 2c ) with elongate basal article; second article narrowing toward the tip; third article reduced, with reduced aesthetascs. The degree of reduction of the third article and aesthetascs shows some variability in the specimens examined, from an almost normally developed third segment (with 2 thin aesthetascs) (Fig. 8d) to almost total reduction. In most of the paratypes the degree of antennula reduction is similar to that of the holotype. Antenna ( Fig. 2d) elongate; article 3 twice as long as broad; article 4 five times longer than broad, article 5 as long as flagellum.
Right mandible (Fig. 3a) with one penicil; pars incisiva with four teeth; lacinia mobilis finely thorny in medial part; pars molaris horseshoe-shaped and covered by setae on margin, medially with two protrusions each bearing a tuft of setae. Among the setae of the posterior protrusion of the pars molaris there is a hardly visible, reduced penicil.
Left mandible (Fig. 3b) with three penicils; pars incisiva lateralis with four teeth; pars incisiva medialis with three teeth, with a bundle of elongate setae on its base posteriorly; pars molaris elliptic and covered by setae on margin, medially protruding with elongate setae among which a reduced penicil is visible. Grinding surfaces of both partes molares covered with minute furrows.
Maxilla 1 exopod ( Fig. 3c ) with 5 strong outer teeth, 3 elongate thin medial teeth, one shorter inner tooth and one very short tooth near medial margin; one elongate pectinate seta distally; endopod ( Fig.  3d ) with three penicils, inner one elongate.
Maxilla 2 (Fig. 3e ) outer lobe with 3 strong setae on its tip and a row of very tiny elongate setae on outer margin; inner lobe with a row of simple setae on its tip and medial edge; on the base of that row one short and stout plumose seta; inner side of the tip of inner lobe with brush-like surface of dense, very tiny and elongate setae.
Maxilliped (Fig. 3f ) endopod with strongly widened latero-distal margin, terminally protruding; outer margin of protrusion with rows of elongate tiny setae; palp on medial edge with four pronounced lobes with setae; outer edge with two low convex protrusions, each with 1 or 2 simple setae; endite distally truncate, apex with a large penicil near medial margin, a large seta in the middle and a very short spine near outer margin.
Pereopods (Figs 4-5): Pereopods 1-4 similar in shape, progressively longer posteriorly (the first noticeably shorter than the others). They are subchelate, i.e. the carpus is opposed to propodus and dactylus so that they can attach tightly to the substrate. Ventral surfaces of carpus and merus covered with small scale-like spines. On pereopod 1 such spines also cover the ventral surface of ischium and propodus (Fig. 4e) . On the distal half of the carpus and on the proximal part of the propodus of pereopod 1 these spines have a cleft tip (Fig. 4a detail) This structure probably serves as a cleaning mechanism for the antennae. Pereopods 5-6 (Figs 5 a-b) similar in shape and length, without scale-like spines, and with propodus elongate. Pereopod 7 (Fig. 5c ) ischium with strongly dilated distal part; merus with a triangular protrusion at the base of the sternal margin, recurved posteriorly and excavated dorsally, a row of 3 small spines at the base of the protrusion; carpus stout (compared to the carpi of pereopods 5-6). No water-conducting structures on pereopods 6 and 7. Elongate dactylar seta (usually developed in Trichoniscidae) remarkably reduced on all pereopods.
Genital papilla (Fig. 6c) with a dorsally directed tip.
Pleopod 1 (Fig. 6a) endopod calyciform in its proximal part; exopod strongly arched, dilated mediodistally, distally with elongate, protruding tip, lateral margin ring-shaped.
Pleopod 2 (Fig. 6b) endopod stout, biarticulate; distal article recurved laterodistally, with tips in the medio-ventral direction (Fig. 6d) ; second article bifurcate distally, i.e. with elongate, filiform tip and wide tooth on its base (Fig. 6e) . Trapezoidal exopod of almost equal length and width; mediodistally straight margin thickly covered with elongate microtrichs, distal margin with 9 long plumose setae; medial margin with short spines and scale-like rows of microtrichs (visible at higher magnifications), ventral surface distally with sparse simple setae.
Pleopods 3-5 (Figs 7a-c) with strongly developed and vasculized endopods, each distally dilated into two lobes. Exopods 4 and 5 shortened in mediobasal part so as to enable settling in of inner lobe of endopod of preceding pleopod. Inner lobes of the endopods of pleopods 3 and 4 set in the area between the exopod and endopod of the following pleopod, outer lobes set in the area between the two exopods (a similar configuration is found in other Trichoniscidae). Outer lobes of endopods 4 and 5 with more developed wave-shaped margins. Pleopod 3 (Fig. 7a) with wide tile-like exopod and large terminally bilobed endopod. Protopods of pleopods 4 and 5 (Figs 7b-c) with more strongly emphasized cylindrical protruding medial part (one of its functions probably is to separate the inner lobe of the preceding endopod from its endopod).
On distal margins of exopod 3 and mediodistal margins of exopods 4 and 5 a number of long plumose setae is present. Mediobasally on margins and on the inner side of exopods 3 to 5 there are thickly set rows of scale-like microtrichs of different length, from short ones to very long ones (in females these microtrichs are not present on the inner side of exopodites). Microtrichs are present on medial cylindrical attachments of protopods 4 and 5.
Uropod (Fig. 2e ) basis dilated posteriorly; exopod and endopod subequal in length, conical, articulated at the same level and with a tuft of several short setae at the apex. Figs 2, 7, 8) . Females differ from males in the following characters: pereopod 7 without secondary sexual characters; different pleopodal setation (see description of holotype); structure of pleopod 1 and 2 (Figs 7d-e) ; sternum of 5th pereonite with a pair of elongate, nipple-like structures (Fig. 8c) .
Description of female (
Variability. Genital papilla in some males with straight tip. Length of males 11.7-14.2 mm; females 11.2-15.7 mm.
Etymology.The species is dedicated to Dr Stanko Karaman, known carcinologist and founder of the Natural History Museum in Skopje.
Discussion
Among terrestrial isopods, there are several forms that occur in water. Most of these species are amphibian, but some are truly aquatic. The first data about aquatic Oniscidea were published by Chilton (1920) (fide Vandel 1965) for the species Haloniscus searlei Chilton, 1920 (family Scyphacidae), occurring in saltwater lakes of Australia. Four other known taxa of this genus are stygobionts found in athalassic waters in West Australia and New Caledonia (Taiti & Humphreys 2001) . These latter authors supposed, on the basis of some morphological characteristics, that Andricophiloscia pedisetosa Taiti et Humphreys, 2001 (family Philosciidae), collected from a subterranean water in West Australia, is amphibian rather than aquatic.
In the northern hemisphere, a greater number of amphibian and supposedly aquatic species are known. Most belong to Trichoniscidae and one species, Thailandoniscus annae Dalens, 1989 (representing a monotypic genus) to the closely related Styloniscidae. An aquatic life is generally assumed for Typhlotricholigoides aquaticus Rioja, 1953 from Mexico and Cantabroniscus primitivus Vandel, 1965 from Spain. An amphibian way of life is also mentioned for some species of the genera Titanethes Schiødte, 1849, Cyphonethes Verhoeff, 1926 , Alpioniscus Racovitza, 1908 , Scotoniscus Racovitza, 1908 , Bureschia Verhoeff, 1926 , Brackenridgia Eigenmann et Ulrich, 1902 , Mexiconiscus Schultz, 1964 , Trichoniscoides Sars, 1899 , Cretoniscellus Vandel, 1958 , and Balearonethes Dalens, 1977 (Dalens 1977 , Schmalfuss 1979 , Sket 1986 ). In addition, the author knows of two undescribed species of Cyphoniscellus Verhoeff, 1901, which are amphibious as well.
It is very difficult to distinguish between aquatic and amphibian forms of life within the Oniscidea, because almost all mentioned species are very rare, living in subterranean places where they are not easily observed to obtain data on their way of life. Indirect conclusions based on some morphological characters are unreliable as long as there is no detailed comparative study of the structure of the "respiratory" pleopods, the mouthparts and the sensory setae of terrestrial, amphibian and truly aquatic species. For example, the absence of waterconducting structures on pereopods 6 and 7 and the presence of rows of plumose setae on the posterior margins of pleopodal exopods in Macedonethes stankoi could be an indirect clue to an aquatic way of life.
Macedonethes stankoi and the circumstances under which it was collected show that it is specifically adapted to and capable of spending its entire life underwater (creases on their pereonites, and the surrounding surfaces, were covered with patches of an unidentified species of Protozoa), and also that the waters in which it lives flow quite rapidly. It is able to cling to the substrate with specially modified pereopods and, we suppose, to copulate under the continually moving water.
Some species of Trichoniscidae found in caves and at continually wet sites are normally encountered in small pools and puddles. The blind species M. skopjensis was collected from a spring on the side of a gorge and likely could be present in abundance within the source water system from which it most probably came. Because it was collected during the driest month of the year (August) in a generally dry region, it is not probable that the specimen was ejected from its underground home in a sudden surge of water. Thus it is quite possible that M. skopjensis is a truly aquatic species, too. Unfortunately, undescribed structural details of M. skopjensis remain unknown because the single type specimen is missing.
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